Aims: To evaluate the kinetics of inflammatory biomarkers in septic patients in order to identify the most reliable predictor of unfavorable outcome. Methods: A prospective analysis of septic patients was performed. Median levels of neutrophil/lymphocyte count ratio, fibrinogen, C-reactive protein and procalcitonin were dynamically assessed and comparatively analyzed. Results: Seventy-seven patients were included. Descendent kinetic patterns were registered for all biomarkers, except C-reactive protein. At 24 hours, neutrophil/lymphocyte count ratio significantly decreased in 42.85% of cases, procalcitonin in 37.33%, C-reactive protein in 16.12% and fibrinogen in 1.58% of cases. At 72 hours, procalcitonin decreased to one-half in 70% of cases and neutrophil/lymphocyte count ratio in 67.53% of cases. Conclusions: Neutrophil/lymphocyte count ratio and procalcitonin significantly decreased in the first 72 hours, while C-reactive protein increased in the first 24 hours. The proportions of patients with major decrease of baseline values were higher for neutrophil/lymphocyte count ratio and procalcitonin.
Introduction
Despite the progression of bacterial isolation techniques over time, the identification of the infectious agent is still challenging in sepsis. The rates of positive blood cultures are between 30-50% in sepsis [1] and do not exceed 60-70% in septic shock [2, 3] . Patients diagnosed with sepsis receive empiric broad-spectrum antibiotics at admission, followed by de-escalation of the antimicrobial regimen usually after few days, if the etiological agent is identified.
Even in cases with isolated pathogen, it lasts minimally 48-72 hours until the test results are obtained, delay which can be fatal for the patient.
In this situation, it is imperative to count on reliable instruments for an adequate monitoring of septic patients. Biomarkers of inflammation such as erythrocyte sedimentation rate (ESR), fibrinogen (FIB), C-reactive protein (CRP), procalcitonin (PCT) or haemogram parameters like neutrophil/lymphocyte count ratio (NLCR) or mean platelet volume (MPV) are traditionally used in cases of sepsis. Their usefulness is not only related to the early recognition of sepsis and to the assessment of disease severity at admission, but also to the prediction of the prognosis and the response to antimicrobial therapy [4] .
PCT is a promising serum biomarker, characterized through high sensitivity and specificity for bacterial sepsis recognition [5] . Moreover, PCT levels increase in 3-4 hours in many bacterial systemic infections, achieve high levels in the first 24 hours [6] and rapidly decrease in patients receiving potent antibiotics [7] . CRP is characterized not only by lower sensitivity and specificity for sepsis diagnosis than PCT [8] , but it presents a slower descendent pattern in comparison with PCT. After the contact with the pathogen, CRP starts to increase after 12-24 hours and remains elevated in the first 48-72 hours. This is the reason why in many situ-ations, the dynamical pattern of CRP presents a slow increasing in the first phase, followed by its maintaining at peak levels for 2-3 days [6] . Another useful biomarker in sepsis is fibrinogen, which produces a fibrin network in order to neutralize the bacterial invasion [9] . Similar to CRP, serum fibrinogen increases within few days after the onset of inflammatory process and reaches peak concentrations after 48 hours [10] . On the other hand, NLCR is characterized by an increasing in less than 6 hours after the exposure [11] . In a non-infectious population of patients who underwent orthopedic surgeries, postoperative NLCR levels registered a more rapid decrease than CRP.
The objective of the present study was to assess the kinetic patterns of NLCR, FIB, CRP and PCT in patients diagnosed with sepsis, in order to identify the most suitable instrument to monitor the outcome and the treatment response.
Material and methods

Study population and ethics
We performed a prospective cross-sectional analysis of randomly-selected septic patients admitted in a tertiary-care department from National Institute for Infectious Diseases "Prof. Dr. Matei Balş", Bucharest, Romania. The enrollment included only patients who were hospitalized in a department of infectious diseases, while severe cases with multiple organ dysfunctions were directly admitted in the intensive care units. The recruitment of patients was performed between 2016 and 2019 and was based on sepsis-3 definition which involved the mandatory presence of a severe organ dysfunction [13] . The inclusion criteria were: Sepsis-related Organ Failure Assessment (SOFA) score at admission over 2 points and the presence of bacterial infection. The exclusion criteria were: age under 18 year-old, pregnancy and the evidence of noninfectious conditions responsible for an elevated SOFA score. Blood cultures, cultures from other biological fluids, serological tests or rapid molecular assays were performed in order to identify the infectious agent responsible for sepsis. The approval from the local ethics committee was obtained before the initiation of enrollment. An informed consent was signed by all patients who fulfilled the inclusion criteria. The research was performed according to Helsinki Declaration, revised in 2013.
Study design
The biomarkers of inflammation which were comparatively analyzed were NLCR, FIB, CRP and PCT. For the evaluation of biomarkers' dynamical patterns, three blood samples were collected: on admission in the infectious diseases department (day 0), after 24 hours (day 1) and after 72 hours (day 3). The median values of each biomarker were dynamically evaluated and the differences between the levels of serum biomarkers in dynamics were calculated. According to the kinetic pattern of each biomarker between every two collected samples (day 0 -day 1, day 1 -day 3 and day 0 -day 3), the enrolled patients were divided in 4 groups: first group (1) -patients who registered an increasing or a minor decreasing (below 5%) of serum concentrations of biomarkers between evaluated samples; second group (2) -patients who registered a decreasing between 5 and 20%; third group (3) -patients with a decreasing between 20 and 50% and fourth group (4) -patients with a decreasing over 50% between two samples. The differences between proportions were assessed between every two biomarkers.
Statistical analysis
The analysis was performed using the Statistical Package for Social Sciences (SPSS), version 21.0 (SPSS Inc., Chicago, IL, USA). Continuous variables with normal distribution were presented as mean ± standard deviation, while continuous variables with non-normal distribution were expressed as median and interquartile range (IQR). The distribution of variables was established according to Shapiro-Wilk and KolmogorovSmirnov tests. Wilcoxon Signed Ranks test was used in order to compare non-parametric variables. Sample proportions were compared using z-test. A value of p<0.05 was considered statistically significant.
Results
Seventy-seven patients with a mean age of 59.91 ± 17.09 years met the inclusion criteria and were recruited during the study period. The gender ratio M:F was 1:2.08. In 10.3% of patients, no associated chronic co-pathologies were identified. The most frequent associated comorbidities were: cardiovascular diseases (47.8%), chronic neurological disorders (20.2%), diabetes (17.3%), chronic hepatitis or cirrhosis (8.6%) and chronic renal disease (5.7%). Patients with non-infectious conditions responsible for previously elevated levels of inflamma-tory biomarkers (malignancies, autoimmune disorders, recent surgeries or trauma) were not included into the study. In cases with identified etiology of sepsis, the mean period of time from admission until the bacteriological results was 48-72 hours. Polymerase chain reaction (PCR) assays had more rapid results in comparison with cultures or serological tests.
The median levels of NLCR, FIB, CRP and PCT are presented in Table 1 , while the time courses of biomarkers and the differences between collected samples are exposed in Figure 1 . NLCR, FIB and PCT registered descendent patterns and in cases of NLCR and PCT, the differences between samples were statistically significant. CRP levels increased after 24 hours from admission, but significantly decreased after 72 hours. For a more accurate comparison between serum biomarkers, their concentrations were dynamically evaluated, in order to identify their role in predicting a poor outcome. The first assessment was performed between the values on admission and 24 hours after admission (day 0 -day 1). At 24 hours, NLCR registered a decreasing of more than 50% of the initial values in 42.85% of cases, followed by PCT (37.33%, p=0.48), CRP (16.12%, p=0.0007) and FIB (1.58%, p<0.0001). Conversely, increased or decreased levels of less than 5% of the initial values appeared in case of FIB (52.38%), followed by CRP (51.61%, p=0.9313), PCT (25.33%, p=0.0011) and NLCR (22.07%, p=0.0002). The other patients were enclosed in groups 2 or 3, with decreasing patterns, between 5 and 20% and between 20% and 50%, respectively. The mentioned proportions of each biomarker are illustrated in Figure 2 .
The second evaluation was performed between the levels of markers collected 24 hours and 72 hours after admission (day 1 -day 3). In the group of patients with major decreasing of serum biomarkers (>50% of the values at 24 hours) were included: 62.66% of patients in case of PCT, in comparison with 55.45% in case of CRP (p=0.4605), 44.15% in case of NLCR (p=0.0222) and 4.83% in case of FIB (p<0.0001). On the other hand, the levels of biomarkers increased or decreased with less than 5% in 32.25% of cases for FIB, in comparison with 23.37% of cases for NLCR (p=0.2429), 13.33% of cases for PCT (p=0.0077) and 11.29% of cases for CRP (p=0.0047). The proportions are presented in Figure 3 .
The same analysis was performed to compare the proportions between admission and day 3 (day 0 -day 3). At 72 hours, PCT registered a decreasing over 50% of the initial values in 69.73% of patients, followed by NLCR (67.53%, p=0.7694), CRP (58.2%, p=0.1509) and FIB (12%, p<0.0001). In 13.15% of cases, PCT increased or decreased with less than 5%, whereas the percent was higher for the other evaluated markers: 15.58% for NLCR (p=0.6684), 26.86% for CRP (p=0.0392) and 38.66% for FIB (p=0.0003). The results are illustrated in Figure 4 .
All patients included into the study received antimicrobial therapy, according to the identified or supposed etiological agent, to the primary site of infection and to the disease severity, appreciated at admission. Because the study was performed in a non-ICU department, only mild or moderate cases were included. In almost all cases, the outcome of patients was favorable under empirical therapy with broad-spectrum antibiotics. In one case of respiratory sepsis with unknown etiology, death occurred within 24 hours of admission.
De-escalation of antimicrobial therapy was performed in cases of identified pathogen. Even in cases with rapid descendent kinetic patterns of inflammatory biomarkers, the de-escalation could not be performed, in the absence of bacterial isolation. 
Discussion
In our study, the etiology of sepsis was identified in 46.7% of cases, similar to other data published in the medical literature [14, 15] . In this context, monitoring the kinetics of inflammatory biomarkers in the first 48-72 hours can be a useful method to assess the outcome of patients with sepsis, the response to antimicrobial therapy and the rates of mortality.
The increase of NLCR in sepsis is the result of a complex process which includes the response of the host immune system associated with neutrophilia and the apoptosis of lymphocytes in order to control the inflammatory response [16] . The role of NLCR in the early recognition and prediction of a poor outcome in sepsis was intensely studied in the last years. The results were controversial, because whereas some authors showed that NLCR was a suitable instrument in sepsis management [17] , others concluded that NLCR was less reliable than CRP or PCT [18] . On the other hand, the most studies which assessed the kinetic patterns of NLCR were performed in patients with non-infectious causes for systemic inflammatory response syndrome (SIRS) [19] . Wasko et al. concluded that in the first five days after total hip or knee arthroplasty, NLCR levels achieved a peak level after 72 hours and the preoperative levels after 120 hours, faster than the time course of CRP [12] . Furthermore, in patients with malignancies receiving immunotherapy, NLCR levels decreased by 0.09 per month in patients who responded to therapy in comparison with non-responders [20] . Holub et al. affirmed that NLCR had similar dynamics to PCT, due to the fast kinetics of WBC populations at the onset of inflammatory response [21] . In our study, NLCR values constantly decreased in time. The differences between NLCR levels at baseline, at 24 hours and at 72 hours were statistically significant. Moreover, in almost 43% of patients, NLCR decreased to one-half its initial levels after 24 hours. The percent was significantly higher in comparison with FIB (p<0.0001) and CRP (p=0.0007). After 72 hours, in almost 68% of cases, the initial values of NLCR decreased with more than 50%. The percent was lower in cases of FIB (12%, p<0.0001) and CRP (58.2%, p=0.2469) and higher in case of PCT (69.73%, p=0.7694).
Plasma levels of FIB can increase or decrease in septic patients, depending on the stage of sepsis. Most cases are associated with high values of FIB, as an acute-phase protein which increases in presence of an inflammatory process. In the late stage of sepsis, reduced levels of FIB can be registered, due to its consumption [22] . Whereas FIB levels at admission are statistically significant correlated with a high mortality rate in sepsis [23] , recent data concerning its kinetics in sepsis are limited, probably because the complex coagulation abnormalities responsible for FIB fluctuation. In the present study, FIB levels decreased between evaluations, but the difference between day 0 and day 1 was not statistically significant. On the other hand, only 1.58% of patients had a decreasing over 50% of the initial levels at 24 hours and only 12% at 72 hours.
CRP is an acute-phase reactant frequently used to predict inflammation, because its rapid increase after the aggression of a pathogen. Unfortunately, CRP levels remain elevated long time and its usefulness in monitoring the outcome is questionable. Moreover, the specificity of CRP for bacterial infections is under 50%, while the area under the ROC curve is estimated at 0.68 [24] . Charles et al. performed a study on 180 patients with sepsis and observed that CRP time course in patients receiving potent empirical antibiotics was inappropriate. CRP values increased on days 2 and 3 and began to decrease on day 4, but with no statistical significance [25] . In our study, CRP levels increased on day 1, but decreased statistically significant on day 3. In comparison with NLCR and PCT, CRP had the slowest decreasing pattern. After 24 hours, only 16.12% of patients registered a decreasing of CRP of more than 50% of the initial values. Perhaps the most specific biomarker for sepsis diagnosis and the most reliable one in septic patients' monitoring is PCT, precursor of calcitonin, released by thyroid parafollicular cells and other neuroendocrine tissues such as hepatocytes, adipocytes, myocytes, in response to the presence of bacterial cytokines. The level of PCT in systemic circulation is under 0.1 ng/ ml in physiological conditions, but it increases within 4 hours in several bacterial infections and has a half-life between 22 and 26 hours [26] . In a study performed on 171 patients with sepsis or septic shock, Poddar et al. concluded that PCT level fall is related to a positive outcome. From day 0 to day 4, PCT level decreased from 3.48 ng/ml to 0.98 ng/ml in survivors group and increased from 5.27 ng/ml to 6.09 ng/ml in nonsurvivors [27] . On the other hand, Lipinska-Gediga et al. observed that PCT kinetics had significant prognostic value from day 3, as in the first 48 hours, the differences between evaluations did not have statistical significance (day 1 -day 2 difference, p=0.42, day 2 -day 3 difference, p=0.08). The difference became significant between day 3 -day 5. In the same study, the usefulness of PCT kinetics in appreciating sepsis prognosis was superior to CRP, but inferior to SOFA score [28] . In our study, PCT had a descendent kinetic pattern and the differences between samples were statistically significant. Almost 38% of patients registered a decreasing of more than 50% of the initial values of PCT after 24 hours and almost 70% after 72 hours.
The present study has several limitations. The first one consists in low number of patients with sepsis. Another limitation is that the enrollment was performed in a tertiary-care department of infectious diseases and included only mild or moderate cases of sepsis. Severe cases with life-threatening organ dysfunctions were admitted in the intensive care units and were not included in our research.
Conclusions
NLCR and PCT registered descendent kinetic patterns in the first 72 hours from admission, with statistically significance between assessments. In cases of NLCR and PCT, about 40% of patients had a decreasing of more than 50% of the initial values at 24 hours and about 70% at 72 hours. Conversely, FIB and CRP registered slower descendent kinetic patterns.
